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Abstract

Background: This study sought to statistically map the neck disability index (NDI) to the six-dimension health state
short form (SF-6D) to estimate algorithms for use in economic analyses in patients with chronic neck pain (CNP).

Methods: The relationships between NDI and SF-6D scores were estimated by using data from a cohort of
patients with chronic neck pain (n =272). By using ordinary least squares (OLS), generalized linear modeling
(GLM), censored least absolute deviations (CLAD) and Tobit regression, scores from all 10 items of the NDI
instruments were univariately tested against SF-6D values and retained in a multivariate regression model, if
statistically significant. The predictive ability of the model was assessed by mean absolute error (MAE), root

mean square error (RMSE) and normalized RMSE.

Results: The mean age of the 272 CNP patients was 39.9 + 12.3 years; 57.8 % of the CNP patients were female.
An OLS regression equation that included recreation item of NDI was optimal, with a MAE of 0.04and 0.04 and
an RMSE of 0.06and 0.05in the derivation set and validation set, respectively. Predicted utilities accurately

represented the observed ones.

Conclusions: We have provided algorithms for the estimation of health state utility values from the
response of NDI. Future economic evaluations of the interventions for chronic neck pain could be

informed by these algorithms.
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Background

Cost-utility analysis is an increasingly important aspect
of health technology assessment, where cost per quality-
adjusted life year (QALY) gained is used as a primary
endpoint for a novel intervention [1]. The QALY is an
estimate of health that represents both survival and
health-related quality of life (HRQoL) as a single number
[2], where the HRQoL is measured by using a health
state utility value, which could be captured by question-
naires. A commonly used preference-based instrument,
such as the EuroQol five-dimension (EQ-5D) and the
six-dimension health state short form (derived from the
short form 36 health survey [SF-36] and the short form
12 health survey [SF-12]) (SF-6D), is used to generate
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the health-state utility scores [3, 4]. By using health-state
utility values, health service researchers can estimate
and compare QALYs across different interventions,
which can provide decision-making information for
healthcare resource allocation [5]. The absence of utility
values derived from generic preference-based instru-
ments, however, is a barrier to populating economic
models with the best evidence of effectiveness. Statistical
regression-based mapping is one method that is gaining
popularity when no preference-based instruments are
available in the study [6].

The measurement of HRQoL in the pain setting is
usually carried out using pain-specific questionnaires ra-
ther than generic preference-based instruments because
the questionnaires pay attention to relevant health prob-
lems and tend to gain more clinically meaningful
changes [7, 8]. The most commonly used measurement
for evaluating disability in patients with neck pain is the
neck disability index (NDI), which comprises a 10-item
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self-administered questionnaire that was modeled on the
Oswestry Back Disability Index by Vernon and Mior in
1991 [9]. Preference-based measures of health status,
however, are not always performed.

Neck pain is a common problem with an annual inci-
dence rate ranging from 0.055 cases per 1000 persons
(disc herniation with radiculopathy) to 213 cases per
1000 persons (self-reported neck pain) [10, 11]. Nearly
two-thirds of adults will experience neck pain during
their lives Neck pain is more prevalent among women
and middle-aged adults. Some occupations, such as
office work, are also risk factors [12]. Due to the ne-
cessity of health economic analysis in the area of neck
pain, deriving utility values from pain-specific ques-
tionnaires is necessary.

Recent studies have shown that there is a strong rela-
tionship between the SF-6D and the total NDI scores
[13, 14]. However, analysis of mapping items data of
NDI to SF-6D in patients with chronic neck pain (CNP)
is limited. The aim of the present study was to establish
a mapping relationship that uses HRQoL data from the
NDI to estimate SF-6D utility values in patients with
CNP in order to facilitate economic evaluation of novel
therapies for CNP and imply future intervention study
of improving utilities by targeting some items.

Methods

Data source

Patients with chronic non-specific neck pain were
enrolled from the Pain Management Department of
Huadong Hospital. The study was done in accordance
with the ethical standards of the Declaration of Helsinki,
the International Conference on Harmonisation’s good
clinical practice, local laws, and applicable regulatory
requirements. The study was approved by the Ethics
Committee of Huadong Hospital in Shanghai, China.
Written informed consent was obtained from all patients
before enrollment.

During the first treatment visit after study enrollment,
data was collected on demographics and clinical
features, as well as across a range of patient-reported
outcomes from patient interviews and from two self-
administered HRQoL questionnaires: NDI and SF-6D.
They also answered questions on socio-demographic
information (sex, age, education, housing type and in-
come), self-rated health status (“Compared with past
12 months, what do you think about your present health
condition? Better, The same, Worse”) and life style infor-
mation (e.g. smoking). Eligible patients were aged >
18 years, had neck pain during at least the 3 months
prior to the study and had no exercise-related risks. To
reduce the potential factor that might interact with neck
pain [15], patients were ineligible if they had one or
more of the following conditions: existing vestibular
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pathology; receiving medical intervention in the last
3 months; cervical fracture or dislocation; systemic
diseases; neurological, cardiovascular or respiratory
disorders affecting physical performance; history of
traumatic head injury; inability to provide informed
consent; pregnancy.

Measures

1. Neck-specific disability
A validated Chinese version of the original 10-item
Neck Disability Index (NDI) was employed in this
study [16]. The NDI, which is derived from the
Oswestry Index and designed for assessing neck
pain and disability [17], contains 10 self-reported
items: pain intensity, personal care, lifting, reading,
headache, concentration, work, driving, sleeping,
and recreation [18]. Each item is scored on a 6-
point scale from 0 (no disability) to 5 (full disabil-
ity); the sum score out of all 10 items is calculated
using a percentage of the maximal score, with
higher values representing greater disability.

2. SE-36/SE-6D
The SF-36 is a widely used instrument for measur-
ing general health status, and comprises36 self-
report questions regarding functional health and
well-being [19]. SF-36v2™ was used in this study,
and the SF-6D was derived from11 items identified
from the SF-36, which comprises six multi-level
dimensions of health (physical health problems,
bodily pain, general health, vitality, social function-
ing, role limitations due to emotional problems,
and mental health), with each dimension having
four to six levels [20]. This classification of health
status yields 18,000 possible health state scores,
which can range from 0 to 1.0, where 0 indicates
the worst health state and 1.0 the best health state.
The utility score can be used in the health eco-
nomic evaluation of interventions and for popula-
tion health surveys [21, 22]. The Hong Kong
Chinese version and HK scoring algorithm of SF-
6D was not adopted because it was not widely
validated as United Kingdom version and also used
less health states in developing the algorithm [23].

Statistical methods

The SF-6D index scores were regressed onto the individ-
ual item scores of NDI by using the ordinary least
squares (OLS) regression with the suggestion that more
complex models may not add predictive power or reduce
errors in prediction [24]. The scores for individual and
all items in the NDI in turn were offered to the model
to give a general algorithm for predicting SF-6D scores:
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SF-6D score = a + Xf x (Scale score) (1)

All variables were treated as continuous variables.
Backward stepwise selection with a significance level of
0.1 from the full model was used to identify statistically
significant variables.

When data have pronounced ceiling effects, which is a
common phenomenon observed in both health profile
and preference-based measures, the use of OLS regression
violates the statistical requirement for linearity of condi-
tional expectation, leading to inaccurate predictions of
preference-based scores and inaccurate identification of
predictor variables. To address this ceiling effects and re-
duce the potential estimation errors of OLS method, gen-
eralized linear modeling (GLM) [25], Censored Least
Absolute Deviations (CLAD) and the Tobit model were
used to provide an extensional analysis [26].

Because the main purpose of a mapping study is to de-
rive an algorithm that accurately derives health state
utility values from other data sets, mean absolute error
(MAE) and root-mean-squared error (RMSE) were
employed to assess the goodness of fit of the models ac-
cording to external guidance [6]. RMSE was normalized
to the range of score forSF-6D and expressed as %
RMSE [27]. The MAE is the mean of absolute differ-
ences between the observed SF-6D utility score and the
SE-6D utility score predicted from the model; the RMSE
is the positive square root of the mean squared estima-
tion error between the observed and predicted values.
Smaller MAE and RMSE values suggest better model
performance. Fit was decided based on lowest RMSE.
The best-fitting model(s) were then re-estimated using
data for the validation cohort. External validation would
be conducted based on the following equations between
total NDI score and SF-6D utilities [13, 14].

SE-6D score = -0.0115 * Total scores of NDI
+0.8383 (2)

SF-6D score = -0.0135 * Total scores of NDI
+0.8686 (3)

SF-6D score = -0.0115 * Total scores of NDI
+0.8391 (4)

SF-6D score = -0.01005 * Total scores of NDI + 0.78219
(5)

Due the absence of external data sets, external valid-
ation samples were created by randomly selecting half
the derivation and validation sample [27]. Statistical ana-
lyses were carried out using the statistical programming
environment R (R Development Core Team, 2014).
P <0.05 was considered statistically significant.
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Results

Patient characteristics, HRQoL scores, and utility values
The study enrolled 272 patients (180 randomly assigned
into the derivation set and 92 in the validation set).
Baseline patient characteristics are listed in Table 1. Just
over one half (57.8 %) of the respondents in the whole
set were female; the average (+ standard deviation [SD])
age at enrollment was 39.9 + 12.3 years; time from diag-
nosis was 27.4 + 7.37 months; nearly 45 % were college-
educated. There were no significant differences in the
derivation and validation sets across all variables.

Table 2 shows the summary characteristics of the out-
come measures across the whole, estimation and valid-
ation sets. In the whole set, the average utility value of SF-
6D was 0.519+0.092 and the inter quartile range (IQR)
was 0.454 to 0.563. The minimum observed utility value
was 0.19 and the maximum was 0.82. The mean NDI Glo-
bal score was 28.46 + 12.93 and the IQR was 18 to 40. The
mean pain intensity score was near 3.5, which was higher
than other item scores. Personal care item had the lowest
average scores (2.14). The total scores of the ten NDI
items were similar between derivation and validation sets.

Mapping NDI to SF-6D

Results of the OLS regression analysis are summarized
in Table 3. In the trimmed model (i.e., the backward
elimination model), recreation item showed statistical
significance. The pain intensity and sleeping item, which
had a p-value of 0.0146 and 0.0064 in the full model,
became statistically insignificant in the trimmed model,
in which it had a p-value of 0.2 and 0.45, respectively.
Recreation Recreation was the most influential item in
both models (Table 3). Results of the GLM, Tobit and
CLAD method regression analysis are presented in
Appendix Tables 5-7.

Table 4 shows the model performance for both the
derivation and validation sets when the trimmed model
was fitted. The MAE values for the derivation and valid-
ation sets were 0.0404 + 0.033and 0.0404 + 0.030030, re-
spectively. The normalized RMSE were 0.06 and 0.0505,
respectively. The MAEs and RMSEs estimated by the
GLM, Tobit and CLAD method was 0.06 and 0.07, 0.06
and 0.07 and 0.05 and 0.06, respectively, which offered
no advantage in terms of estimation errors over the
OLS models.

We not only examined accuracy of the model but also
the distributions of the predicted scores. The observed
mean value of the SF-6D score was similar to the pre-
dicted SF-6Dindexes of both sets (Table 4). Both sets re-
ported lower variability across predicted utility values
with similar SDs at 67 % of the magnitude of the ob-
served SF-6D scores. In both data sets, the 25th percent-
ile and median predicted values were overestimated, but
75th percentile predicted values were underestimated. A
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Table 1 Descriptive statistics for the whole, derivation and validation sets

Characteristic

Whole set (n=272)

Derivation set (n = 180) Validation set (n=92)

Age (year): mean (SD) 399 (12.3)
Female (%) 57.8 %
BMI(kg/m?): mean (SD) 213 (3.17)
College education (%) 440 %
Disease duration (months): mean (SD) 274 (7.37)
Physical activity 23 times a week 21.1 %
Smoking (%) 172 %
Working with computer >6 hours a day (%) 44.2 %

39.8 (124) 403 (11.4)
60.0 % 529 %
214 (3.2) 2130
45.8 % 429 %
27.7 (745) 27 (7.2)
21.0 % 213 %
17.7 % 16.2 %
44.5 % 43.5 %

plot of observed SF-6D index versus predicted utility
scores from the trimmed model indicates that the model
fits the data well in both the derivation and validation
sets (Fig. 1); the Pearson correlation coefficients were
0.70and 0.7575, respectively.

External validation

The MAEs estimated by equation 2, 3, 4 and 5 were
0.11, 0.13, 0.11 and 0.10, and RMSE were 0.14, 0.17, 0.14
and 0.13, respectively. When the algorithm mapped our
total scores to SF-6D utilities was used (Table 3), the
MAE and RMSE were 0.07 and 0.08, respectively.

Discussion

This study explored an algorithm for linking the NDI to
the SF-6D using regression equations to predict SF-6D
utility values in a data set of patients with CNP. We
found that in settings where the NDI, but not SF-6D, is
collected, estimating the SF-6D from the NDI score
using an algorithm appears useful. The trimmed model
with recreation item as explanatory variables has

relatively lower MAE and RMSE in comparison with the
full model. We noticed that the mean age of our CNP
patients were not old (Table 1), recreation might have
a considerable impact on their health quality of life
because it has an indispensable role in their life [28].
Other mapping studies also found that recreation
could notably affect the utility value [29, 30]. This
finding indicates that any treatment of improving the
recreation might be appreciated in patients with CNP.
To the best of our knowledge, the current analysis is
the first study to develop the mapping algorithm
from NDI items to the SF-6D in patients with CNP;
this gives our predictive model the advantage of
being applicable to Chinese patients with CNP. Be-
cause of the significant loss of data when derived
method was used, health preference should be mea-
sured directly. However, mapping from condition-
specific measure was also reasonable because the
mapped score has been pone to have greater extent
of sensitivity and responsiveness in patients with dif-
ferent patient populations [31].

Table 2 Summary characteristics of outcome measures across the samples

Characteristic Whole set (n=272)

Derivation set (n = 180)

Validation set (n=92)

Mean (SD) Median (IQR) Mean (SD) Median (IQR) Mean (SD) Median (IQR)
SF-6D 0.52 (0.09) 049 (0.45-0.56) 0.53 (0.09) 049 (0.47-0.58) 0.5 (0.09) 048 (0.45-0.55)
NDI global scores 2846 (12.93) 27 (18-40) 28.98 (13.87) 27.5 (18-43) 274 (10.97) 27 (18-34.75)
Scores of 10 individual items
Pain intensity 347 (1.55) 3(2-5 3.52 (1.62) 3(2-5 337 (143) 3 (2-5)
Personal care 2.14 (1.02) 2(2-3) 2.17 (1.04) 2(2-3) 21.() 2 (1.25-3)
Lifting 263 (147) 2 (2-4) 2.7 (145) 2 (2-4) 2.5(1.5) 2 (1-3.75)
Reading 3.08 (1.38) 3 (2-4) 3.12 (145) 3 (2-4) 3(1.26) 3 (2-4)
Headaches 267 (1.97) 2 (1-4) 268 (2.02) 2 (1-5) 263 (19) 2 (1-3.75)
Concentration 294 (1.89) 2 (1-5) 3.02 (1.9 2.5 (1-5) 2.8 (1.88) 2 (1-4)
Work 274 (1.73) 25(2-3) 2.77 (1.86) 2 (2-5) 2.7 (1.44) 3(1.25-3)
Driving 297 (1.88) 3(2-5 3.08 (1.94) 3(2-5 2.73 (1.74) 2.5 (2-4)
Sleeping 258 (1.62) 2 (1-4) 2.72 (1.65) 2 (1-4) 2.3 (1.56) 2 (1-3.75)
Recreation 323 (1.64) 3 (2-5) 322 (1.76) 3 (2-5) 327 (141) 35 (2-4)
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Table 3 Simple correlations and multiple regression multiple regression analyses mapping NDI data to EQ-5D

Predictors Full model Trimmed model

Estimate (3) p-value Estimate ((3) p-value

Total score of 10 items
Intercept 0.5927 <0.0001 NA NA
Total score -0.0026 0.0004 NA NA
Pain intensity item
Intercept 0.5587 <0.0001 NA NA
Score -0.0115 0.0651 NA NA

Personal care item

Intercept 0.5963 <0.0001 NA NA

Score -0.0362 0.0087 NA NA
Lifting item

Intercept 0.5591 <0.0001 NA NA

Score -0.0154 0.0198 NA NA
Reading item

Intercept 05727 <0.0001 NA NA

Score -0.0176 0.0116 NA NA

Headaches item
Intercept 0.5488 <0.0001 NA NA
Score -0.0113 0.021 NA NA

Concentration item

Intercept 0.5663 <0.0001 NA NA

Score -0.0162 0.0013 NA NA
Work item

Intercept 0.5797 <0.0001 NA NA

Score -0.0222 <0.0001 NA NA
Driving item

Intercept 0.565 <0.0001 NA NA

Score -0.0156 0.0022 NA NA

Sleeping item
Intercept 0.5342 <0.0001 NA NA
Score -0.006 0.3195 NA NA
Recreation item
Intercept 0.5957 <0.0001 NA NA
Score -0.0238 <0.0001 NA NA

All items in one model

Intercept 0.5827 <0.0001 0.5957 <0.0001
Pain intensity 0.0256 0.0146 -0.0315 02414
Personal care (Washing, -0.021 0.1007 NS NS
Dressing, etc.)?

Lifting 00014 0.8741 NS NS
Reading -0.0009 09314 NS NS
Headaches -0.0013 0.8623 NS NS
Concentration -0.0102 0.3431 NS NS

Work -0.0113 0.3347 NS NS



Zheng et al. Health and Quality of Life Outcomes (2016) 14:21

Page 6 of 12

Table 3 Simple correlations and multiple regression multiple regression analyses mapping NDI data to EQ-5D (Continued)

Driving 0.0049
Sleeping® 0.021
Recreation -0.0348

0.5255 NS NS
0.0064 0.023 04514
0.0008 -0.0238 <0.0001

NS not significant, NA not applicable
*The item would be removed in the final trimmed model due to no significance

Comparing predictions of the preference-based scores
using NDI items suggested that a fairly good perform-
ance was found for the SF-6D in both the derivation
(MAE =0.0404, RMSE =0.0606) and validation sets
(MAE = 0.0404, RMSE =0.0505), although the adjusted
R* was 0.49and 0.5656, respectively. The performance of
validation sets was relatively better than derivation sets,
which might be caused by the stronger convergence of
former comparing with latter. Brazier JE and colleagues
found that the fit of an algorithm mapping a condition-
specific instrument to SF-6D is variable because the
values of R* ranged from 0.17 to 0.51 in the other stud-
ies. Because the purpose of a mapping algorithm is to
predict health state utility values from other datasets,
however, the predictive accuracy of the model should be
examined [32]. R* and adjusted R* used as measures of
explanatory power do not have enough information for
testing model performance of a mapping algorithm; they
also do not indicate if the mapping algorithm is suitable
for the entire dataset [6]. Consequently, the quality of
performance of the models used in this mapping analysis
is likely to be in line with the typical model performance
found in other mapping studies.

Similar to other studies [33—35], our finding indicates
that the mapping equations overestimated the utilities
for the severe health states, whereas they underestimated
those for the mild health states (Fig. 1). The final map-
ping model resulted in the best predicted performance
with utility scores ranging from 0.45 to 0.56 (Table 2). It

is unknown why this is the case, but it lies in other fac-
tors which were sensitive to a patient’s quality of life that
may be captured in health-preference instruments but
may not be captured in NDI. Because almost half of the
enrolled patients fell into this category when they were
first diagnosed with CNP, it was expected that the model
would perform well in predicting the utilities of these
patients. Nevertheless, because of the low MAE and
RMSE values, the final model could be recommended as
an acceptable method for estimating utilities from the
NDI responses for use in a cost-utility study.

The previous two studies translated NDI total scores into
SF-6D indexes by using linear regression modeling [13, 14].
Our cohort had similar overall mean SF-6D indexes and
NDI total scores in comparison with the sample reported
by Richardson SS and colleagues (SF-6D at 0.49 and NDI
total scores at 28.54), which was notably different from the
data published by Carreon LY and colleagues (SF-6D at
0.67 and NDI total scores at 14.55), possibly due to the
study setting and population. Their results showed that the
correlations between NDI and SF-6D utility scores were
strong and statistically significant, which provides some face
validity to the relationships with the SF-6D observed in our
study. However, external validation found that the MAEs
and RMSEs estimated by using their equation were higher
than ours. One of the potential reason is the different char-
acteristics of the patient cohorts, including the ethnic and
diseases Another important reason might be the different
predictors because we found that model using the total

Table 4 Performance in trimmed model according to EQ-5D quartile in the derivation and validation sets

Derivation set (n = 180)

Validation set (n =92)

Observed values

Predictive values

Observed values Predictive values

Mean(SD) 0.53 (0.09) 0.52 (0.04) 0.5 (0.09) 0.52 (0.04)
Min 0.21 0.29 0.19 033
P25 045 0.46 046 049
Median 048 0.52 0.50 0.52
P75 0.56 0.57 0.59 0.56
Max 0.82 0.68 0.73 0.63
Adjusted R? 049 0.56
MAE (SD) 0.04 (0.033) 0.04 (0.030)
RMSE (normalized for range) 0.06 (8.6 %) 0.05 (7.2 %)




Zheng et al. Health and Quality of Life Outcomes (2016) 14:21 Page 7 of 12
p
Derivation set Validation set
0.8 ,‘ ‘ L
@ 0.74 o * e
S o> R ° L
o <O o . <
€ o L7 & o e
Z 06- 0o B og o 000 £
3 ° %0 & g O RN
g Y g@@g Oy O © ° OO (X0 O KO o
5 O 008 0,
[ 08 <><> SO <& O O &0
5 057 o 0880 o o * % B S0
© © 78 8% o % 0 087
o O 8 o © o AN
7} 7% L © .
- 0.4+ © o g0 0 N X o
) < p
o .7 .7
8 % ;
& 037 K
02 - T T T T T 1 I, T T T T T 1
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Observed SF-6D values
Fig. 1 Scatter plot of predicted values based on the trimmed model parameters versus the observed SF-6D values. A perfect fit is indicated by
the 45° reference dotted-line. The blue line is the shown as the liner fit line

\

score as the predictor had a relatively high MAE and RMSE
in comparison with model using the individual items.

No known studies have compared and mapped the in-
dividual items of NDI and SF-6D in patients with CNP,
but a recent study by Carreon LY and colleagues com-
pared the NDI with the EQ-5D-3 L in patients with neck
and/or upper-extremity complaints [36]. They found no
significant relationship between the EQ-5D-3 L and the
NDI to allow for a valid estimation of EQ-5D-3 L
indexes from the NDI using regression modeling, al-
though the model using the individual NDI items had
an R” of 0.46 and an RMSE of 0.172. The authors
think the reason is that the different descriptive com-
ponents of the EQ-5D-3 L and the NDI are used for
measuring very different constructs. Each dimension
of EQ-5D-5 L has 5 levels instead of 3 [37], which
might establish a stronger and more robust relation-
ship with the NDI, allowing for prediction of the EQ-
5D indexes from the NDI.

There are some weaknesses in this study. First, the
final model equation might not generalize as well to
the NDI scores of the patients with neck disease
other than CNP because the external validation found
the performance of the equations derived from the
different disease cohort was different. How well the
model will generalize to other morbidities related to
neck pain should be considered, and validation is ne-
cessary. Second, for the purpose of the present ana-
lysis, we currently do not have enough information
regarding other health outcomes or comorbidities to

analyze in the models, such as the severity of the
CNP due to the small sample size. Using these data
as covariates would improve the performance of the
models. Future work can include more comprehensive
demographic data from patient records. Third, due to
the cross-sectional nature of the dataset used in the
present study, it is unclear whether the predictive
model reported in this study will change over time.
No other independent dataset with observations on
both SF-6D and NDI could be used to evaluate the
external validity of the mapping algorithms reported
by this study. There’s also the point that since the Chin-
ese specific scoring algorithm for SF-6D is not available yet,
the original UK scoring algorithm has been employed in
the study, which is the most widely used methods. The dif-
ferences of the background characteristics in the two popu-
lations might have some influences on the results. Finally,
Over-/under-prediction on the bottom/top SF-6D utilities
might limits the wide usage of the algorithm, which might
be more suitable in CNP patients with moderate pain.
Hence, future analyses are necessary to test the accuracy of
our methods by using data obtained elsewhere [4].

Conclusions

In conclusion, the statistical performance of the final
models demonstrated that it is possible to estimate
health state utility values for SF-6D from NDI. Due to
the limitations in the current analysis, further research
might be required to update the model and examine
the performance in other ethnic populations.
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Appendix

Table 5 Simple correlations and multiple regression multiple
regression analyses mapping NDI data to EQ-5D with GLM

method

Predictors Full model Trimmed model
Estimate  p-value Estimate  p-value
® ®)

Total score of 10 items

Intercept 0.558685 <0.0001 NA NA

Total score -0.002599  0.000378 NA NA

Pain intensity item

Intercept 0.5587 <0.0001 NA NA

Score -0.011534 0.0651 NA NA

Personal care item

Intercept 0.5963 <0.0001 NA NA

Score -0.03619 <0.0001 NA NA

Lifting item

Intercept 0.5591 <0.0001 NA NA

Score -0.015351 0.0198 NA NA

Reading item

Intercept 05727 <0.0001 NA NA

Score -0.01755 00116 NA NA

Headaches item

Intercept 0.5488 <0.0001 NA NA

Score -0.011296 0.021 NA NA

Concentration item

Intercept 0.5663 <0.0001 NA NA

Score -0.016173  0.00135 NA NA

Work item

Intercept 05797 <0.0001 NA NA

Score -0.022237 <0.0001 NA NA

Driving item

Intercept 0.565 <0.0001 NA NA

Score -0.015599  0.00218 NA NA

Sleeping item

Intercept 0.5342 <0.0001 NA NA

Score -0.005999 0.32 NA NA

Recreation item

Intercept 0.5957 <0.0001 NA NA

Score -0.02382 <0.0001 NA NA

All items in one model

Intercept 0.5827 <0.0001 0601765 <0.0001

Pain intensity 0.0256  0.014603164 0.014551 0.04971

Personal care (Washing,
Dressing, etc.)

-0.0210

0.100652028 -0.026856 0.00422
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Table 5 Simple correlations and multiple regression multiple
regression analyses mapping NDI data to EQ-5D with GLM

method (Continued)

Lifting 0.0014
Reading -0.0009
Headaches -0.0013
Concentration -0.0102
Work -0.0113
Driving 0.0049
Sleeping® 0.0210
Recreation -0.0348

0.874139856
0.93140086
0.862284178
0.343063323
0.334658954
0.525538472
0.006355019
0.000773979

NS NS

NS NS

NS NS

NS NS

NS NS

NS NS
0.020376  0.00482
-0.0238  <0.0001

NS not significant, NA not applicable

°The item would be removed in the final trimmed model due to

no significance
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Table 6 Simple correlations and multiple regression multiple
regression analyses mapping NDI data to EQ-5D with CLAD

method

Predictors Full model Trimmed model
Estimate  p-value Estimate p-value
®) ®)

Total score of 10 items

Intercept 0.5927 <0.0001 NA NA

Total score -0.002599 0.0003276 NA NA

Pain intensity item

Intercept 0.5587 <0.0001 NA NA

Score -001153 00622 NA NA

Personal care item

Intercept 0.5963 <0.0001 NA NA

Score -0.03619  <0.0001 NA NA

Lifting item

Intercept 0.5591 <0.0001 NA NA

Score -0.01535  0.01851 NA NA

Reading item

Intercept 0.5727 <0.0001 NA NA

Score -0.01755 0.0116 NA NA

Headaches item

Intercept 05727 <0.0001 NA NA

Score -0.01755  0.01074 NA NA

Concentration item

Intercept 0.5488 <0.0001 NA NA

Score -00113  0.01967 NA NA

Work item

Intercept 0.5663 <0.0001 NA NA

Score -001617 0.001198 NA NA

Driving item

Intercept 0.58 <0.0001 NA NA

Score -0.0222  0.00195 NA NA

Sleeping item

Intercept 0.534 <0.0001 NA NA

Score -0.006 0314 NA NA

Recreation item

Intercept 0.5957 <0.0001 NA NA

Score -0.02382  <0.0001 NA NA

All items in one model

Intercept 0.5827 <0.0001  0.60176522 <0.0001

Pain intensity 00256  0.009326 0.01455149 0.04359

Personal care (Washing, -0.0210 0.08008 -0.02685645 0.003282

Dressing, etc.)

Lifting 0.0014 0.8657 NS NS

Reading -0.0009 0.9268 NS NS

Headaches -0.0013 0.8531 NS NS
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Table 6 Simple correlations and multiple regression multiple
regression analyses mapping NDI data to EQ-5D with CLAD

method (Continued)

Concentration
Work

Driving
Sleeping®

Recreation

-0.0102
-0.0113
0.0049
0.0210
-0.0348

03117 NS NS

0.3033 NS NS

04981 NS NS
0.003691  0.02037582 0.003771

0.0003551 -0.03972382 <0.0001

NS not significant, NA not applicable
*The item would be removed in the final trimmed model due to

no significance
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Table 7 Simple correlations and multiple regression multiple Table 7 Simple correlations and multiple regression multiple
regression analyses mapping NDI data to EQ-5D with Tobit regression analyses mapping NDI data to EQ-5D with Tobit
method method (Continued)

Predictors Full model Trimmed model Concentration -00102 030862753 NS NS
Estimate  p-value Estimate p-value Work 00113 030016401 NS NS
®) ®) ' )

Total score of 10 items Driving 0.0049 0496119248 NS NS

Intercept 05926677 <0.0001 NA NA Sleeping 0.0214 0002766939  0.021422  0.00281

Total score 00025993 0000184 NA NA Recreation -0.0448  0.000189112 -0.03972382 <0.0001

NS not significant, NA not applicable
*The item would be removed in the final trimmed model due to

Intercept 0.558685 <0.0001 NA NA no significance
Score 0011534 0.0589 NA NA

Pain intensity item

Personal care item

Intercept 0.596304 <0.0001 NA NA
Score -0.036187 <0.0001 NA NA
Lifting item

Intercept 0.559125 <0.0001 NA NA
Score -0.015351 00164 NA NA
Reading item

Intercept 0.572718 <0.0001 NA NA
Score -0.01755 0.00914 NA NA

Headaches item
Intercept 0.548824 <0.0001 NA NA
Score -0.01129 0.0175 NA NA

Concentration item

Intercept 0.56632 <0.0001 NA NA
Score -0.01617 0.000813 NA NA
Work item

Intercept 0.57973 <0.0001 NA NA
Score -0.022237 <0.0001 NA NA
Driving item

Intercept 0.56498 <0.0001 NA NA
Score -0.015599 0.0014 NA NA

Sleeping item

Intercept 0.534168 <0.0001 NA NA
Score -0.005999 0.311 NA NA
Recreation item

Intercept 0.59572 <0.0001 NA NA
Score -0.02382 <0.0001 NA NA

All items in one model

Intercept 0.5827 <0.0001 0.575353  <0.0001
Pain intensity® 00256  0.007693919  0.009556  0.18758
Personal care -0.0210  0.076227642 NS NS
(Washing, Dressing,

etc)

Lifting 00014  0.865308708 NS NS
Reading -0.0009  0.926560041 NS NS

Headaches -0.0013  0.852636711 NS NS



Zheng et al. Health and Quality of Life Outcomes (2016) 14:21

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

YZ, LY, and ZA participated in the design of the study and performed the
statistical analysis. YZ, KT and BW conceived of the study, and participated in
its design and coordination and helped to draft the manuscript. All authors
read and approved the final manuscript.

Acknowledgements

This work was funded by Shanghai Key Laboratory of Clinical Geriatric
Medicine (13dz2260700), the National Natural Science Foundation of China
(NO. 71373160)and the Key Discipline and Specialty Foundation of the
Shanghai Municipal Commission of Health and Family Planning (Grant No.
2012ZDXK003).

Author details

'Department of Pain Management, Huadong Hospital, Fudan University,
Shanghai, China. “Department of Anesthesiology, Tongren Hospital, School
of Medicine, Shanghai Jiaotong University, Shanghai 200336, China.
3Department of Pain Management, Renji Hospital, School of Medicine,
Shanghai Jiaotong University, Shanghai 200127, China. *“Department of
Preventive Medicine, College of Medicine, Tongji University, Shanghai
200092, China. °Clinical Outcomes and Economics Group, Department of
pharmacy, Ren Ji Hospital, School of Medicine, Shanghai Jiaotong University,
Shanghai 200127, China.

Received: 16 July 2015 Accepted: 2 February 2016
Published online: 16 February 2016

References

1. Mehrez A, Gafni A. Quality-adjusted life years, utility theory, and healthy-
years equivalents. Medical decision making : an international journal of the
Society for Medical Decision Making. 1989,9(2):142-9.

2. Warren JM. Rationing health care resources. Is the quality-adjusted life-year
a helpful guide? Canadian family physician Medecin de famille canadien.
1994,40:123-4. 127-128.

3. Dolan P. Modeling valuations for EuroQol health states. Med Care. 1997;
35(11):1095-108.

4. Brazier JE, Roberts J. The estimation of a preference-based measure of
health from the SF-12. Med Care. 2004;42(9):851-9.

5. Hirth RA, Chernew ME, Miller E, Fendrick AM, Weissert WG. Willingness to
pay for a quality-adjusted life year: in search of a standard. Medical decision
making : an international journal of the Society for Medical Decision
Making. 2000;20(3):332-42.

6.  Brazier JE, Yang Y, Tsuchiya A, Rowen DL. A review of studies mapping (or
cross walking) non-preference based measures of health to generic
preference-based measures. Eur J Health Econ. 2010;11(2):215-25.

7. Schellingerhout JM, Verhagen AP, Heymans MW, Koes BW, de Vet HC,
Terwee CB. Measurement properties of disease-specific questionnaires in
patients with neck pain: a systematic review. Quality of life research : an
international journal of quality of life aspects of treatment, care and
rehabilitation. 2012;21(4):659-70.

8. Hawker GA, Mian S, Kendzerska T, French M. Measures of adult pain: Visual
Analog Scale for Pain (VAS Pain), Numeric Rating Scale for Pain (NRS Pain),
McGill Pain Questionnaire (MPQ), Short-Form McGill Pain Questionnaire (SF-
MPQ), Chronic Pain Grade Scale (CPGS), Short Form-36 Bodily Pain Scale
(SF-36 BPS), and Measure of Intermittent and Constant Osteoarthritis Pain
(ICOAP). Arthritis Care Res. 2011,63 Suppl 11:5240-52.

9. Vernon H, Mior S. The Neck Disability Index: a study of reliability and
validity. J Manipulative Physiol Ther. 1991;14(7):409-15.

10.  Bovim G, Schrader H, Sand T. Neck pain in the general population. Spine.
1994;19(12):1307-9.

11. Hogg-Johnson S, van der Velde G, Carroll LJ, Holm LW, Cassidy JD, Guzman
J, et al. The burden and determinants of neck pain in the general
population: results of the Bone and Joint Decade 2000-2010 Task Force on
Neck Pain and Its Associated Disorders. Spine. 2008;33(4 Suppl):539-51.

12.  Hagberg M, Wegman DH. Prevalence rates and odds ratios of shoulder-neck
diseases in different occupational groups. Br J Ind Med. 1987,44(9):602-10.

13.  Richardson SS, Berven S. The development of a model for translation of the
Neck Disability Index to utility scores for cost-utility analysis in cervical

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34,

35.

Page 11 of 12

disorders. The spine journal : official journal of the North American Spine
Society. 2012;12(1):55-62.

Carreon LY, Anderson PA, McDonough CM, Djurasovic M, Glassman SD.
Predicting SF-6D utility scores from the neck disability index and numeric
rating scales for neck and arm pain. Spine. 2011;36(6):490-4.

Sundseth J, Kolstad F, Johnsen LG, Pripp AH, Nygaard OP, Andresen H, et al.
The Neck Disability Index (NDI) and its correlation with quality of life and
mental health measures among patients with single-level cervical disc
disease scheduled for surgery. Acta Neurochir. 2015;157(10):1807-12.

Wu S, Ma C, Mai M, Li G. Translation and validation study of Chinese
versions of the neck disability index and the neck pain and disability scale.
Spine. 2010;35(16):1575-9.

Vernon H. The Neck Disability Index: state-of-the-art, 1991-2008. J Manipulative
Physiol Ther. 2008;31(7):491-502.

Hains F, Waalen J, Mior S. Psychometric properties of the neck disability
index. J Manipulative Physiol Ther. 1998;21(2):75-80.

Brazier J, Roberts J, Deverill M. The estimation of a preference-based
measure of health from the SF-36. J Health Econ. 2002;21(2):271-92.
Lawrence WF, Fleishman JA. Predicting EuroQol EQ-5D preference scores
from the SF-12 Health Survey in a nationally representative sample. Medical
decision making : an international journal of the Society for Medical
Decision Making. 2004;24(2):160-9.

Jin H, Wang B, Gao Q, Chao J, Wang S, Tian L, et al. Comparison between
EQ-5D and SF-6D utility in rural residents of Jiangsu Province, China. PLoS
One. 2012;7(7):41550.

Kaplan RM, Groess| EJ, Sengupta N, Sieber WJ, Ganiats TG. Comparison of
measured utility scores and imputed scores from the SF-36 in patients with
rheumatoid arthritis. Med Care. 2005;43(1):79-87.

Kharroubi SA, Brazier JE, McGhee S. A comparison of Hong Kong and
United Kingdom SF-6D health states valuations using a nonparametric
Bayesian method. Value Health. 2014;17(4):397-405.

Hawton A, Green C, Telford C, Zajicek J, Wright D. Using the Multiple
Sclerosis Impact Scale to estimate health state utility values: mapping from
the MSIS-29, version 2, to the EQ-5D and the SF-6D. Value in health : the
journal of the International Society for Pharmacoeconomics and Outcomes
Research. 2012;15(8):1084-91.

Manning WG, Mullahy J. Estimating log models: to transform or not to
transform? J Health Econ. 2001,20(4):461-94.

Pullenayegum EM, Tarride JE, Xie F, Goeree R, Gerstein HC, O'Reilly D.
Analysis of health utility data when some subjects attain the upper bound
of 1: are Tobit and CLAD models appropriate? Value in health : the journal
of the International Society for Pharmacoeconomics and Outcomes
Research. 2010;13(4):487-94.

Kontodimopoulos N, Aletras VH, Paliouras D, Niakas D. Mapping the cancer-
specific EORTC QLQ-C30 to the preference-based EQ-5D, SF-6D, and 15D
instruments. Value Health. 2009;12(8):1151-7.

Reilly T. Ergonomic aspects of sport and recreation. Canadian journal of
applied sport sciences Journal canadien des sciences appliquees au sport.
1981;6(1):1-10.

Gottberg K, Einarsson U, Ytterberg C, Cuesta JD, Fredrikson S, von Koch
L, et al. Health-related quality of life in a population-based sample of
people with multiple sclerosis in Stockholm County. Mult Scler. 2006;
12(5):605-12.

Ageberg E, Forssblad M, Herbertsson P, Roos EM. Sex Differences in Patient-
Reported Outcomes After Anterior Cruciate Ligament Reconstruction. Am J
Sports Med. 2010;38(7):1334-42.

Wong CK, Lam ET, Lam CL. Comparison of direct-measured and derived
short form six dimensions (SF-6D) health preference values among chronic
hepatitis B patients. Qual Life Res. 2013;22(10):2973-81.

Brennan DS, Spencer AJ. Mapping oral health related quality of life to
generic health state values. BMC Health Serv Res. 2006;6:96.

Rowen D, Brazier J, Roberts J. Mapping SF-36 onto the EQ-5D index: how
reliable is the relationship? Health Qual Life Outcomes. 2009;7:27.

Franks P, Lubetkin El, Gold MR, Tancredi DJ, Jia H. Mapping the SF-12
to the EuroQol EQ-5D Index in a national US sample. Medical decision
making : an international journal of the Society for Medical Decision
Making. 2004;24(3):247-54.

Oppe M, Devlin N, Black N. Comparison of the underlying constructs of the
EQ-5D and Oxford Hip Score: implications for mapping. Value in health : the
journal of the International Society for Pharmacoeconomics and Outcomes
Research. 2011;14(6):884-91.



Zheng et al. Health and Quality of Life Outcomes (2016) 14:21

36.

37.

Carreon LY, Bratcher KR, Das N, Nienhuis JB, Glassman SD. Estimating EQ-5D
values from the Neck Disability Index and numeric rating scales for neck
and arm pain. J Neurosurg Spine. 2014;21(3):394-9.

Herdman M, Gudex C, Lloyd A, Janssen M, Kind P, Parkin D, et al.
Development and preliminary testing of the new five-level version of EQ-5D
(EQ-5D-5 L). Quiality of life research : an international journal of quality of life
aspects of treatment, care and rehabilitation. 2011,20(10):1727-36.

Page 12 of 12

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at .
www.biomedcentral.com/submit () BiolMed Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data source
	Measures
	Statistical methods

	Results
	Patient characteristics, HRQoL scores, and utility values
	Mapping NDI to SF-6D
	External validation

	Discussion
	Conclusions
	Appendix
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References



